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AIR CONDITIONER AND STARTING
CONTROL METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Patent
Application No. 2012-0006291, filed on Jan. 19, 2012, in the
Korean Intellectual Property Office, the disclosure of which
is incorporated herein by reference.

BACKGROUND

1. Field

Embodiments of the present disclosure relate to an air
conditioner and a starting control method thereof, and more
particularly, to an air conditioner having a plurality of
compressors and a starting control method thereof.

2. Description of the Related Art

As an example of an air conditioner, a heat pump-type air
conditioner is an apparatus configured to change a circula-
tion direction of refrigerant in a refrigerant cycle, so that a
heating in a winter season along with a cooling in a summer
season may be performed.

The heat pump-type air conditioner is provided in a way
that, during a cooling operation, a condensation of refriger-
ant occurs at an outdoor heat exchanger by adjusting a 4-way
valve, so that the refrigerant being discharged from a com-
pressor may be drawn into the outdoor heat exchanger, and
the condensed refrigerant is decompressed at an expansion
valve of an indoor side, and then is evaporated at an indoor
heat exchanger to take the heat from the indoor air, so that
a cooling may be performed. The refrigerant that is passed
through the indoor heat exchanger passes through the 4-way
valve, and is drawn into the compressor to be compressed.

During a heating operation, in order for the refrigerant
being discharged from the compressor to be withdrawn into
the indoor heat exchanger, the 4-way valve is adjusted, so
that condensation of the refrigerant may occur at the indoor
heat exchanger to supply heat to the indoor air, and thus a
heating action is being performed. The refrigerant that is
passed through the indoor heat exchanger is decompressed
at the expansion valve of an outdoor side, and then is drawn
into the compressor again by passing through the outdoor
heat exchanger and the 4-way valve.

The heat pump-type air conditioner as such includes two
units of compressors each having a different operating
capacity to enhance the energy efficiency.

For example, the compressors are designed to be driven in
a ratio of a cooling ability of about 6:4. In a case of a first
stage driving in which a first compressor having a low
operating capacity is being driven, the cooling ability of
about 30% to 50% is provided, and in a case of a second
stage driving in which a second compressor having a high
operating capacity is being driven, the cooling ability of
about 50% to 70% is provided. In addition, in a case of a
third stage driving in which both the first compressor and the
second compressor are being driven, the cooling ability of
about 100% is provided.

In general, the first compressor having a low operating
capacity is implemented with a variable-capacity compres-
sor capable of varying the operating capacity, and the second
compressor having a high operating capacity is implemented
with a constant-speed compressor.

Conventionally, in a case of the third stage driving that
operates the both of the two units of compressors, the first
compressor is started first, and then the second compressor
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is started for a purpose of decreasing a starting load at the
time of an initial start of an air conditioner. As a reference,
the starting load of a compressor is increased in a case of the
compressor is started when refrigerant is excessively mixed
in oil, when a degree of a pressure imbalance occurred
between a high pressure side and a low pressure side is
severe, when lubricant is not sufficiently supplied to the
compressor, or when an input of power has not taken place
for a long period of time.

When the second compressor is started, in order to
decrease the starting load of the second compressor, which
is started after the first compressor, the operating capacity of
the first compressor that is already started and driven is
decreased.

In the process of decreasing the capacity of the first
compressor, which is started and driven prior to the second
compressor, to decrease the starting load of the second
compressor and of starting the second compressor and
simultaneously increasing the operating capacities of the
first and the second compressors, the cooling and heating
ability of an overall system shows a pattern decreasing and
then increasing. Eventually, from the perspective of a user,
the cooling and heating speed is decreased.

To prevent the decrease of the cooling and heating speed
as such, in a case of simultaneously starting the two units of
the compressors, the starting load is increased, and thus the
possibility of the starting the compressors failing is
increased.

SUMMARY

Therefore, it is an aspect of the present disclosure to
provide an air conditioner capable of simultaneously starting
a plurality of compressors when the driving of the plurality
of the compressors is needed, while a starting stability of the
compressors are secured, and a starting control method
thereof.

Additional aspects of the disclosure will be set forth in
part in the description which follows and, in part, will be
apparent from the description, or may be learned by practice
of the disclosure.

In accordance with one aspect of the present disclosure,
an air conditioner includes a plurality of compressors, a
determining unit and a control unit. The determining unit
may be configured to determine whether a starting load of
the air conditioner is smaller than a reference load. The
control unit, in a case when an operating of the plurality of
compressors is needed, may be configured to simultaneously
start the plurality of compressors if the starting load of the
air conditioner is smaller than the reference load as a result
of the determination of the determining unit, and configured
to sequentially start the plurality of compressors if the
starting load of the air conditioner is larger than the refer-
ence load.

In accordance with another aspect of the present disclo-
sure, a starting control method of an air conditioner having
a plurality of compressors is as follows. Whether a starting
load of the air conditioner is smaller than a reference load
may be determined in a case when an operating of the
plurality of compressors is needed. The plurality of com-
pressors may be started in a simultaneous manner when the
starting load of the air conditioner is smaller than the
reference load, and the plurality of compressors may be
started in a sequential manner when the starting load of the
air conditioner is larger than the reference load.

As described above, when the driving of a plurality of
compressors is needed, the plurality of compressors are



US 9,464,836 B2

3

simultaneously started when a starting load of an air con-
ditioner is smaller than a reference load, and the plurality of
compressors is sequentially started when the starting load of
the air conditioner is larger than the reference load, and thus
the plurality of compressors may be simultaneously started
at a starting load section in which a starting stability of the
compressors is secured, and the cooling and heating perfor-
mance may be enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects of the disclosure will become
apparent and more readily appreciated from the following
description of the embodiments, taken in conjunction with
the accompanying drawings of which:

FIG. 1 is a refrigerant cycle of an air conditioner in
accordance with one embodiment of the present disclosure.

FIG. 2 is a cross-sectional view illustrating a loading state
of'a compressor at the air conditioner in accordance with one
embodiment of the present disclosure.

FIG. 3 is a cross-sectional view illustrating an unloading
state of a compressor at the air conditioner in accordance
with one embodiment of the present disclosure.

FIG. 4 is a control block diagram illustrating the air
conditioner schematically shown in accordance with one
embodiment of the present disclosure.

FIG. 5 is a drawing illustrating a starting load of the air
conditioner according to the outdoor temperature and the
indoor temperature for each of a cooling operation and a
heating operation at the air conditioner in accordance with
one embodiment of the present disclosure.

FIG. 6 is a drawing illustrating a temperature range at
which the starting load of the air conditioner, which is based
on an outdoor temperature and an indoor temperature for
each of a cooling operation and a heating operation at the air
conditioner, is minimized in accordance with one embodi-
ment of the present disclosure.

FIG. 7 is a drawing illustrating a starting load of the air
conditioner based on the pressure on a high pressure side and
the pressure on a low pressure side in a case of a cooling
operation at the air conditioner in accordance with one
embodiment of the present disclosure.

FIG. 8 is a drawing illustrating a pressure range at which
a starting load of the air conditioner, which is based on the
pressure on a high pressure side and the pressure on a low
pressure side in a case of a cooling operation at the air
conditioner, is minimized in accordance with one embodi-
ment of the present disclosure.

FIG. 9 is a drawing illustrating a starting load of the air
conditioner based on the pressure on a high pressure side and
the pressure on a low pressure side in a case of a heating
operation at the air conditioner in accordance with one
embodiment of the present disclosure.

FIG. 10 is a drawing illustrating a pressure range at which
a starting load of the air conditioner, which is based on the
pressure on a high pressure side and the pressure on a low
pressure side in a case of a heating operation at the air
conditioner, is minimized in accordance with one embodi-
ment of the present disclosure.

FIG. 11 is a timing chart illustrating the simultaneous
starting of a first compressor and a second compressor at the
same point of time in a case of a cooling and a heating
operation at the air conditioner in accordance with one
embodiment of the present disclosure.

FIG. 12 is a control flow chart illustrating a starting
control method of an air conditioner in accordance with one
embodiment of the present disclosure.
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FIG. 13 is a control flow chart illustrating a method of
controlling the starting of a plurality of compressors by
using the starting load of the air conditioner based on the
outdoor temperature and the indoor temperature at the air
conditioner in accordance with one embodiment of the
present disclosure.

FIG. 14 is a control flow chart illustrating a method of
controlling the starting of a plurality of compressors by
further considering the operation history and the operation
stop duration at FIG. 13.

FIG. 15 is a control flow chart illustrating a method of
controlling the starting of the plurality of compressors by
using the starting load of the air conditioner based on the
pressure on a high pressure side and the pressure on a low
pressure side at the air conditioner in accordance with one
embodiment of the present disclosure.

FIG. 16 is a control flow chart illustrating a method of
controlling the starting of the plurality of compressors by
further considering the operation history and the operation
stop duration at FIG. 15.

DETAILED DESCRIPTION

Reference will now be made in detail to the embodiments
of the present disclosure, examples of which are illustrated
in the accompanying drawings, wherein like reference
numerals refer to like elements throughout.

FIG. 1 is a refrigerant cycle of an air conditioner in
accordance with one embodiment of the present disclosure.

As illustrated on FIG. 1, the air conditioner includes a
plurality of compressors 10 and 11, a 4-way valve 12, an
outdoor heat exchanger 13, an outdoor fan 14, an electric
expansion valve 15, an indoor heat exchanger 16, an indoor
fan 17 and an accumulator 18.

The plurality of compressors 10 and 11 each may be
constant-speed compressors, or a combination of a constant-
speed compressor and a variable-capacity compressor
capable of varying the capacity thereof.

The plurality of compressors 10 and 11 each may be
variable-capacity compressor. The variable-capacity com-
pressor may be employed with a revolution count variable
method and a Pulse Width Modulation (PWM) method.

With respect to the variable-capacity compressor
employed with the PWM method, the capacity of the com-
pressor becomes variable according to a duty control signal
that determines the loading time during which refrigerant is
compressed, and the unloading time during which the com-
pression of the refrigerant is stopped.

Hereinafter, the operation of the compressor applied to the
air conditioner in accordance with one embodiment of the
present disclosure will be described.

FIG. 2 is a cross-sectional view showing a loading state
of the compressor at the air conditioner in accordance with
one embodiment of the present disclosure, and FIG. 3 is a
cross-sectional view showing an unloading state of the
compressor at the air conditioner in accordance with one
embodiment of the present disclosure.

As illustrated on FIG. 2 and FIG. 3, the first compressor
10 includes a casing 30 provided with an inlet port 31 and
an outlet port 32, a motor 33 installed at an inside of the
casing 30, an orbiting scroll 34 to rotate by receiving a
rotation force of the motor 33, and a fixing scroll 36 to form
a compression room 35 in between the fixing scroll 36 and
the orbiting scroll 34.

The casing 30 is provided with a bypass pipe 37 connect-
ing an upper side of the fixing scroll 36 to the inlet port 31,
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and a Pulse Width Modulated (PWM) valve 10a having a
form of a solenoid valve is installed at the bypass pipe 37.

FIG. 2 illustrates a case in which the PWM valve 10a
blocks the bypass pipe 37 while in an OFF state, and in the
state as such, the first compressor 10 discharges compressed
refrigerant. The state as such is referred to as a loading state,
and at this time, the first compressor 10 is driven at about
100% of capacity. The compressing of the refrigerant by the
first compressor 10 while in an OFF state of the PWM valve
10q is referred to as a loading operation of the first com-
pressor 10.

FIG. 3 illustrates a case in which the PWM valve 10a
opens the bypass pipe 37 while in a state of ON, and in the
state as such, the refrigerant is not being discharged from the
first compressor 10. The state as such is referred to as an
unloading state, and the first compressor 10 is driven at
about 0% of capacity. The stopping of the compression of
the refrigerant by the first compressor 10 while in an ON
state of the PWM valve 10q is referred to as an unloading
operation of the first compressor 10.

Regarding whether the first compressor 10 proceeds with
a loading driving or an unloading driving, the first compres-
sor 10 is supplied with power, and the motor 33 is rotated at
a constant speed. When the supply of power is blocked at the
first compressor 10, the motor 33 is not being rotated, and
the driving of the first compressor 10 is stopped.

Thus, the first compressor 10 has the operating capacity
varied by the PWM valve 10a controlled according to the
duty control signal that determines the loading time in which
the refrigerant is being discharged and the unloading time in
which the discharging of the refrigerant is being stopped. At
this time, the first compressor 10, assuming that one period
is about 20 seconds, performs a compression task to com-
press refrigerant for about 13 seconds, and does not perform
a compression task for about 7 seconds. While the first
compressor 10 is performing a compression task, power is
consumed and refrigerant is compressed, but while the first
compressor 10 is not performing a compression task, power
consumption is largely decreased and refrigerant is not
compressed. Through the method as such, by adjusting the
loading time during which the variable-capacity compressor
10 performs a compression task and the unloading time
during which the variable-capacity compressor 10 does not
perform a compression task, the operating capacity of the
variable-capacity compressor 10 is made variable.

Meanwhile, the second compressor 11 may be provided
with the same structure as that of the first compressor 10.

Referring to FIG. 1 again, the 4-way valve 12 switches the
flow of the refrigerant being discharged from the compres-
sors 10 and 11 into a cooling mode or a heating mode.

The outdoor heat exchanger 13 is configured to exchange
heat with outdoor air, as refrigerant passes through the
outdoor heat exchanger 13. The outdoor heat exchanger 13
functions as a condenser during a cooling operation, so that
the refrigerant is condensed by radiating heat, and during a
heating operation, the outdoor heat exchanger 13 functions
as an evaporator, so that the refrigerator is evaporated by
absorbing heat.

The outdoor fan 14 blows outdoor air to the outdoor heat
exchanger 13 for the exchange of heat between outdoor air
and refrigerant.

The electric expansion valve 15 decompresses the refrig-
erant that is being admitted to the indoor heat exchanger 16.

The indoor heat exchanger 16 is configured to exchange
heat with indoor air, as refrigerant passes through the indoor
heat exchanger 16. The indoor heat exchanger 16 functions
as an evaporator during a cooling operation, so that the
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refrigerator is evaporated by absorbing heat, and during a
heating operation, the indoor heat exchanger 16 functions as
a condenser, so that the refrigerator is condensed by radiat-
ing heat.

The indoor fan 17 blows indoor air to the indoor heat
exchanger 16 for the exchange of heat between indoor air
and refrigerant.

The accumulator 18 separates gas state refrigerant and
liquid state refrigerant from the refrigerant that is introduced
toward an inlet side of the compressors 10 and 11.

A low pressure detection unit 19 detects the pressure of
the refrigerant being introduced to the compressors 10 and
11. That is, a low pressure sensor 19 is installed on a low
pressure pipe adjacent to an inlet side of the compressors 10
and 11, so as to detect the pressure of the refrigerant that
flows at an inside the low pressure pipe, and provides the
information with reference to the detected pressure to a
control unit that performs an overall control.

A high pressure detection unit 20 detects the pressure of
the refrigerant being discharged from the compressors 10
and 11. That is, the high pressure detection unit 20 is
installed on a high pressure pipe adjacent to an outlet side of
the compressors 10 and 11, so as to detect the pressure of the
refrigerant that flows at an inside the high pressure pipe, and
provides the information with reference to the detected
pressure to the control unit.

With respect to the air conditioner in accordance with one
embodiment of the present disclosure, the control unit, by
controlling the 4-way valve 12 to change the flow of the
refrigerant, performs a heating operation or a cooling drive.

In a case of a cooling operation, the refrigerant flows
toward a direction of an arrow of a solid line. That is, the
high-temperature, high-pressure refrigerant being dis-
charged from the compressors 10 and 11 is condensed while
passing through the outdoor heat exchanger 13. The refrig-
erant that is passed through the outdoor heat exchanger 13
is decompressed at the electric expansion valve 15, and then
taking heat away from indoor air while being evaporated at
the indoor heat exchanger 16, thereby performing a cooling.
The refrigerant that is passed through the indoor heat
exchanger 16 passes through the 4-way valve 12 and the
accumulator 18, and is introduced to and then compressed
again at the compressors 10 and 11.

Meanwhile, in a case of a heating operation, the refrig-
erant flows toward a direction of an arrow of a dotted line.
That is, the high-temperature, high-pressure refrigerant
being discharged from the compressors 10 and 11, while
being condensed at the indoor heat exchanger 16, radiates
heat to the indoor air to perform a heating. The refrigerant
that is passed through the indoor heat exchanger 16 is
decompressed at the electric expansion valve 15, and is
evaporated by taking the heat away from outdoor air while
passing through the outdoor heat exchanger 13. The refrig-
erant that is passed through the outdoor heat exchanger 13
passes through the 4-way valve 12 and the accumulator 18,
and is introduced to and then compressed again at the
compressors 10 and 11.

As described above, in a case when the two compressors
are needed to be operated, for a purpose of decreasing a
starting load, the two compressors are sequentially started
by operating the first compressor first, and then operating the
second compressor in a state of the operating capacity of the
first compressor is decreased. As a result of the above, a
section in which the operating capacity of the first compres-
sor is being decreased is present, and thus the cooling and
heating ability of an overall system shows a pattern that
decreases and then increases again. Eventually, from the
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perspective of a user, the cooling and heating speed is
decreased. To prevent the decrease of the cooling and
heating speed as such, in a case of simultaneously starting
the two units of the compressors, the starting load is
increased, and thus the possibility of the starting the com-
pressors failing is increased.

Thus, in one embodiment of the present disclosure, in a
case when the operation of the plurality of compressors is
needed, a plurality of compressors is simultaneously oper-
ated if the starting load of the air conditioner is smaller than
a reference load corresponding to a predetermined range,
and the plurality of compressors is sequentially operated if
the starting load is larger than the reference load. In a
starting load state in which the starting stability and the
cooling and heating performance are not being decreased,
the plurality of compressors are simultaneously operated at
the same point of time, and in a starting load state in which
the starting stability and the cooling and heating perfor-
mance are being decreased, the plurality of compressors are
sequentially started.

FIG. 4 is a control block diagram of the air conditioner
schematically shown in accordance with one embodiment of
the present disclosure.

As illustrated on FIG. 4, the air conditioner in accordance
with one embodiment of the present disclosure includes the
control unit 60 to perform an overall control.

The low pressure detection unit 19, the high pressure
detection unit 20, an indoor temperature detection unit 21,
an outdoor temperature detection unit 22, and an input unit
40 are electrically connected to the control unit 60.

The low pressure detection unit 19 detects the pressure of
the refrigerant that is introduced into the compressors 10 and
11.

The high pressure detection unit 20 detects the pressure of
the refrigerant that is discharged from the compressors 10
and 11.

The indoor temperature detection unit 21 detects an
indoor temperature.

The outdoor temperature detection unit 22 detects an
outdoor temperature.

The input unit 40 receives various information including
an operation mode and a setting temperature from a user.

In addition, the first compressor 10, the second compres-
sor 11, the 4-way valve 12, the electric expansion valve 15,
a determining unit 60, and a storage unit 70 are electrically
connected to the control unit 50.

The storage unit 70 stores various information related to
the driving of the air conditioner.

The determining unit 60 determines whether the starting
load of the air conditioner is within a predetermined range.
The determining unit 60, in a case when the indoor tem-
perature and the outdoor temperature are within respective
reference temperature ranges for each of a cooling operation
and a heating operation, determines that the starting load of
the air conditioner is smaller than the reference load, and in
a case when the indoor temperature and the outdoor tem-
perature diverge from the respective reference temperature
ranges for each of the cooling operation and the heating
operation, determines that the starting load of the air con-
ditioner is larger than the reference load.

Meanwhile, the determining unit 60, in a case when the
pressure at a low pressure side and the pressure at a high
pressure side are within the respective reference pressure
ranges, determines that the starting load of the air condi-
tioner is smaller than the reference load, and in a case when
the pressure at a low pressure side and the pressure at a high
pressure side diverge from the respective reference pressure
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ranges, determines that the starting load of the air condi-
tioner is larger than the reference load.

In addition, the determining unit 60, by placing more
consideration on the operation history after the input of
system power as well as on the operation stop duration after
the driving of the system, rather than on the indoor tem-
perature and the outdoor temperature and the pressure at a
low pressure side and the pressure at a high pressure side for
each of a cooling operation and a heating operation, deter-
mines whether the starting load of the air conditioner is
smaller than or larger than the reference load.

The control unit 50, if determined that the starting load of
the air conditioner is smaller than the reference load, simul-
taneously starts the two compressors 10 and 11 at the same
point of time. Through the above, the starting stability of the
compressors 10 and 11 may be secured while simultaneously
starting the compressors 10 and 11. Since the compressors
10 and 11 may be simultaneously started, the section in
which the operating capacity of the compressors 10 and 11
is decreased in preparation of the sequential starting of the
compressors 10 and 11 may be eliminated, and thus the
decrease of the cooling and heating performance of the air
conditioner may be prevented.

Meanwhile, the control unit 50, if determined that the
starting load of the air conditioner is larger than the refer-
ence load, sequentially starts the two compressors 10 and 11,
the same as in a conventional method. At this time, in a state
of a certain one of the compressors, for example, the first
compressor 10, is started first, and then the next compressor
11 is started in a state the operating capacity of the first-
started first compressor 10 is lowered below a reference
capacity.

FIG. 5 is a drawing to describe a starting load of the air
conditioner according to the outdoor temperature and the
indoor temperature for each of a cooling operation and a
heating operation at the air conditioner in accordance with
one embodiment of the present disclosure, and FIG. 6 is a
drawing to describe a temperature range at which the
starting load of the air conditioner, which is based on an
outdoor temperature and an indoor temperature for each of
a cooling operation and a heating operation of the air
conditioner, is minimized in accordance with one embodi-
ment of the present disclosure.

As illustrated on FIG. 5, the temperature range of the
cooling operation corresponds to a cooling operation-tem-
perature range A provided with the indoor temperature
between 15° C. and 35° C., and provided with the outdoor
temperature between 15° C. and 35° C.

The temperature range of the heating operation corre-
sponds to a heating operation-temperature range B provided
with the indoor temperature between 10° C. and 27° C., and
provided with the outdoor temperature between -15° C. and
15° C.

In a case when the air conditioner is started for a cooling
operation, if the indoor temperature and the outdoor tem-
perature are included in the cooling-operation temperature
range A, the starting load of the air conditioner is determined
to be smaller than the reference load, and if the indoor
temperature and the outdoor temperature are not included in
the cooling-operation temperature range A, the starting load
of the air conditioner is determined to be larger than the
reference load. At this time, the reference load is referred to
as the amount of the load capable of securing the starting
reliability of the each compressor, even in a case when the
two compressors are simultaneously started at the same
point of time.
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Thus, when the starting load of the air conditioner is
smaller than the reference load, even if the two compressors
are simultaneously started, the starting reliability of the each
compressor may be secured. However, when the starting
load of the air conditioner is larger than the reference load,
the two compressors are not simultaneously started, and
even in a case when the two compressors are simultaneously
started for a moment, a normal cooling operation is in fact
difficult.

Meanwhile, in a case when the air conditioner is started
for a heating operation, when the indoor temperature and the
outdoor temperature are included in the heating-operation
temperature range B, the starting load of the air conditioner
is determined to be smaller than the reference load, and
when the indoor temperature and the outdoor temperature
are not included in the heating-operation temperature range
B, the starting load of the air conditioner is determined to be
larger than the reference load.

As illustrated on FIG. 6, particularly in a case when the
temperature range of the cooling operation is within a
cooling-operation temperature range A' provided with the
indoor temperature between 20° C. and 30° C., and provided
with the outdoor temperature between 20° C. and 43° C., or
in a case when the temperature range of the heating opera-
tion is within a heating-operation temperature range B'
provided with the indoor temperature between 15° C. and
25° C., and provided with the outdoor temperature between
-5° C. and 10° C., the starting load of the air conditioner
becomes minimized, and thus the simultaneous driving of
the first compressor 10 and the second compressor 11 may
be possible in a further stable manner.

FIG. 7 is a drawing to describe a starting load of the air
conditioner based on the pressure on a high pressure side and
the pressure on a low pressure side in a case of a cooling
operation at the air conditioner in accordance with one
embodiment of the present disclosure, and FIG. 8 is a
drawing to describe a pressure range at which a starting load
of the air conditioner, which is based on the pressure on a
high pressure side and the pressure on a low pressure side in
a case of a cooling operation at the air conditioner, is
minimized in accordance with one embodiment of the
present disclosure.

As illustrated on FIG. 7, the pressure range of the cooling
operation corresponds to a cooling-operation pressure range
C provided with the pressure at a low pressure side between
5 kg/em2G and 20 kg/cm2G, and provided with the pressure
at a high pressure side between 15 kg/cm2G and 30
kg/cm2G. At this time, the difference between the high
pressure and the low pressure may be about 5 kg/cm2G or
below.

In a case when the air conditioner is started for a cooling
operation, if the pressure at the low pressure side and the
pressure at the high pressure side are included in the
cooling-operation pressure range C, the starting load of the
air conditioner is determined to be smaller than the reference
load, and if the pressure at the low pressure side and the
pressure at the high pressure side are not included in the
cooling-operation pressure range C, the starting load of the
air conditioner is determined to be larger than the reference
load. At this time, the reference load is referred to as the
amount of the load capable of securing the starting reliability
of the each compressor, even in a case when the two
compressors are simultaneously started at the same point in
time.

As illustrated on FIG. 8, particularly in a case of the
pressure range of the cooling operation is within a cooling-
operation pressure range C' provided with the pressure at the
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low pressure side between 8 kg/cm2G and 20 kg/cm2G, and
provided with the pressure at the high pressure side between
10 kg/cm2G and 25 kg/cm2G, at this time, the difference
between the high pressure and the low pressure may be
about 5 kg/cm2G or below, the starting load of the air
conditioner becomes minimized, and thus the simultaneous
driving of the first compressor 10 and the second compressor
11 may be possible in a further stable manner.

FIG. 9 is a drawing to describe a starting load of the air
conditioner based on the pressure on a high pressure side and
the pressure on a low pressure side in a case of a heating
operation at the air conditioner in accordance with one
embodiment of the present disclosure. FIG. 10 is a drawing
to describe a pressure range at which a starting load of the
air conditioner, which is based on the pressure on a high
pressure side and the pressure on a low pressure side in a
case of a heating operation at the air conditioner, is mini-
mized in accordance with one embodiment of the present
disclosure.

As illustrated on FIG. 9, the pressure range of the heating
operation corresponds to a heating-operation pressure range
D provided with the pressure at the low pressure side
between 2 kg/cm2G and 20 kg/cm?2G, and provided with the
pressure at the high pressure side between 15 kg/cm2G and
25 kg/em2G. At this time, the difference between the high
pressure and the low pressure may be about 5 kg/cm2G or
below.

In a case when the air conditioner is started for a heating
operation, if the pressure at the low pressure side and the
pressure at the high pressure side are included in the
heating-operation pressure range D, the starting load of the
air conditioner is determined to be smaller than the reference
load, and when the pressure at the low pressure side and the
pressure at the high pressure side are not included in the
heating-operation pressure range D, the starting load of the
air conditioner is determined to be larger than the reference
load. At this time, the reference load is referred to as the
amount of the load capable of securing the starting reliability
of the each compressor, even in a case when the two
compressors are simultaneously started at the same point in
time.

As illustrated on FIG. 10, particularly in a case of the
pressure range of the heating operation is within a heating-
operation pressure range D' provided with the pressure at the
low pressure side between 5 kg/cm2G and 15 kg/cm2G, and
provided with the pressure at the high pressure side between
15 kg/em2G and 25 kg/cm2G, at this time, the difference
between the high pressure and the low pressure may be
about 5 kg/cm2 G below, the starting load of the air
conditioner becomes minimized, and thus the simultaneous
driving of the first compressor 10 and the second compressor
11 may be possible in a further stable manner.

FIG. 11 is a timing chart to describe the starting of a first
compressor and a second compressor in a simultaneous
manner at the same point in time in a case of a cooling
operation and a heating operation at the air conditioner in
accordance with one embodiment of the present disclosure.

As illustrated on FIG. 11, when the starting load of the air
conditioner is smaller than the reference load, the first
compressor 10 and the second compressor 12 are simulta-
neously started at the same point of time.

FIG. 12 is a control flow chart illustrating a starting
control method of the air conditioner in accordance with one
embodiment of the present disclosure.

Referring to FIG. 12, first, the control unit 50 determines
whether the operation of the plurality of compressors is
needed in a case of a cooling/heating operation (100). At this
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time, the control unit 50 calculates the operating capacity
that is needed according to the load of the air conditioner,
and according to the calculation of the operating capacity,
the control unit 50 determines whether the plurality of
compressors is to be started, or a certain one of the plurality
of compressors is to be started.

If determined as a result of the operation mode 100 that
the operation of the plurality of compressors is needed, the
control unit 50 determines whether the starting load of the
air conditioner is smaller than a reference load (102). If
determined as a result of the operation mode 102 that the
starting load of the air conditioner is smaller than the
reference load, the control unit 50 simultaneously starts the
plurality of compressors (104).

Meanwhile, if determined as a result of the operation
mode 102 that the starting load of the air conditioner is larger
than the reference load, the control unit 50 sequentially starts
the plurality of compressors (106). At this time, in a state of
a certain one of the compressors is started first, and then, the
next compressor is started in a state that the operating
capacity of the first-started first compressor is lowered
below a reference capacity.

Meanwhile, if determined as a result of the operation
mode 100 that the driving of the plurality of compressors is
not needed, a certain one of the plurality of compressors is
exclusively started (108).

FIG. 13 is a control flow chart illustrating a method of
controlling the starting of the plurality of compressors by
using the starting load of the air conditioner based on the
outdoor temperature and the indoor temperature at the air
conditioner in accordance with one embodiment of the
present disclosure.

Referring to FIG. 13, first, the control unit 50 determines
whether the operation of the plurality of compressors is
needed (200). If determined as a result of the operation mode
200 that the operation of the plurality of compressors is
needed, the control unit 50 detects an indoor temperature
through the indoor temperature detection unit 21 (202).

Then, the control unit 50 determines whether the detected
indoor temperature is within a first reference temperature
range (204). The first reference temperature range, while
having a cooling operation as a reference, may be between
15° C. and 35° C., and while having a heating operation as
a reference, may be between 10° C. and 27° C. Particularly,
the first reference temperature range, while having a cooling
operation as a reference, may be between 20° C. and 30° C.,
and while having a heating operation as a reference, may be
between 15° C. and 25° C.

If determined that the indoor temperature detected as a
result of the operation mode 204 is within the first reference
temperature range, the control unit 50 detects an outdoor
temperature through the outdoor temperature detection unit
22 (206).

Then, the control unit 50 determines whether the detected
outdoor temperature is within a second reference tempera-
ture range (208). The second reference temperature range,
while having a cooling operation as a reference, may be
between 15° C. and 45° C., and while having a heating
operation as a reference, may be between —-15° C. and 15°
C. Particularly, the second reference temperature range,
while having a cooling operation as a reference, may be
between 20° C. and 43° C., and while having a heating
operation as a reference, may be between —5° C. and 10° C.

If determined as a result of the operation mode 208 that
the outdoor temperature detected is within the second ref-
erence temperature range, the control unit 50 determines that
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the starting load of the air conditioner is smaller than the
reference load, and simultaneously starts the plurality of
compressors (210).

Meanwhile, if determined as a result of the operation
mode 204 that the indoor temperature is diverged from the
first reference temperature range, or if determined as a result
of the operation mode 208 that the outdoor temperature is
diverged from the second reference temperature range, the
control unit 50 determines that the starting load of the air
conditioner is larger than the reference load, and sequen-
tially starts the plurality of compressors (212). At this time,
in a state of a certain one of the compressors is started first,
and the next compressor is started in a state that the
operating capacity of the first-started first compressor is
lowered below the reference capacity.

Meanwhile, if determined as a result of the operation
mode 200 that the driving of the plurality of compressors is
not needed, a certain one of the plurality of compressors is
exclusively started (214).

FIG. 14 is a control flow chart illustrating a method of
controlling the starting of the plurality of compressors by
further considering the operation history and the operation
stop duration at FIG. 13.

Referring to FIG. 14, first, the control unit 50 determines
whether the operation of the plurality of compressors is
needed (300).

If determined as a result of the operation mode 300 that
the operation of the plurality of compressors is needed, the
control unit 50 determines whether an operation history is
present after the input of power is made (302). The above is
provided to avoid an issue of reliability that may be gener-
ated in a case that an initial starting of the compressors is
performed at the time of an initial installation of the system
or when the input of power is not made for a long period of
time.

If determined as a result of the operation mode 302 that
the operation history is present after the input of power is
made, the control unit 50 determines whether the operation
stop duration is below a reference time after the operation of
the system (304). The above is provided to avoid an issue
related to the increase of an initial starting load or the
starting reliability that may be generated in a case when the
driving is stopped for a long period of time after the
operation of the system. At this time, the reference time for
the operation stop duration may be 12 hours or below.

If determined as a result of the operation 304 that the
operation stop duration is below the reference time, the
control unit 50 detects the indoor temperature through the
indoor temperature detection unit 21 (306).

Then, the control unit 50 determines whether the detected
indoor temperature is within the first reference temperature
range (308).

If determined as a result of the operation mode 308 that
the detected indoor temperature is within the first reference
temperature range, the control unit 50 detects the outdoor
temperature through the outdoor temperature detection unit
22 (310).

Then, the control unit 50 determines whether the detected
outdoor temperature is within the second reference tempera-
ture range (312).

If determined as a result of the operation mode 312 that
the outdoor temperature detected is within the second ref-
erence temperature range, the control unit 50 determines that
the starting load of the air conditioner is smaller than the
reference load, and simultaneously starts the plurality of
compressors (314).
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Meanwhile, if determined as a result of the operation
mode 302 that the operation history is not present after the
input of power, if determined as a result of the operation
mode 304 that the operation stop duration is above the
reference time, if determined as a result of the operation
mode 308 that the indoor temperature is diverged from the
first reference temperature range, or if determined as a result
of the operation mode 312 that the outdoor temperature is
diverged from the second reference temperature range, the
control unit 50 determines that the starting load of the air
conditioner is larger than the reference load, and sequen-
tially starts the plurality of compressors (316).

Meanwhile, if determined as a result of the operation
mode 300 that the driving of the plurality of compressors is
not needed, a certain one of the plurality of compressors is
exclusively started (318).

FIG. 15 is a control flow chart illustrating a method of
controlling the starting of the plurality of compressors by
using the starting load of the air conditioner based on the
pressure on a high pressure side and the pressure on a low
pressure side at the air conditioner in accordance with one
embodiment of the present disclosure.

Referring to FIG. 15, first, the control unit 50 determines
whether the operation of the plurality of compressors is
needed (400). If determined as a result of the operation 400
that the operation of the plurality of compressors is needed,
the control unit 50 detects the pressure at a low pressure side
through the low pressure detection unit 19 (402).

Then, the control unit 50 determines whether the detected
pressure at the low pressure side is within the first reference
pressure range (404). The first reference pressure range,
while having a cooling operation as a reference, may be
between 5 kg/cm2G and 20 kg/cm2G, and while having a
heating operation as a reference, may be between 2 kg/cm2G
and 20 kg/cm2G. Particularly, the first reference pressure
range, while having a cooling operation as a reference, may
be between 8 kg/cm2G and 20 kg/cm2G, and while having
a heating operation as a reference, may be between 5
kg/cm2G and 15 kg/cm2G.

If determined as a result of the operation mode 404 that
the detected pressure at the low pressure side is within the
first reference pressure range, the control unit 50 detects the
pressure at the high pressure side through the high pressure
detection unit 20 (406).

Then, the control unit 50 determines whether the detected
pressure at the high pressure side is within the second
reference pressure range (408). The second reference pres-
sure range, while having a cooling operation as a reference,
may be between 10 kg/cm2G and 25 kg/cm2G, and while
having a heating operation as a reference, may be between
10 kg/em2G and 25 kg/cm2G. Particularly, the second
reference pressure range, while having a cooling operation
as a reference, may be between 15 kg/cm2G and 30
kg/cm2G, and while having a heating operation as a refer-
ence, may be between 15 kg/cm2G and 25 kg/cm2G.

If determined as a result of the operation 408 that the
detected pressure at the high pressure side is within the
second reference pressure range, the control unit 50 deter-
mines that the starting load of the air conditioner is smaller
than the reference load, and simultaneously starts the plu-
rality of compressors (410).

Meanwhile, if determined as a result of the operation
mode 404 that the pressure at the low pressure side is
diverged from the first reference pressure range, or if deter-
mined as a result of the operation 408 that the pressure at the
high pressure side is diverged from the second reference
pressure range, the control unit 50 determines that the
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starting load of the air conditioner is larger than the refer-
ence load, and sequentially starts the plurality of compres-
sors (412). At this time, a certain one of the compressors is
started first, and the next compressor is started in a state that
the operating capacity of the first-started first compressor is
lowered below a reference capacity.

Meanwhile, if determined as a result of the operation
mode 400 that the driving of the plurality of compressors is
not needed, a certain one of the plurality of compressors is
exclusively started (414).

FIG. 16 is a controlled flow chart illustrating a method of
controlling the starting of the plurality of compressors by
further considering the operation history and the operation
stop duration at FIG. 15.

Referring to FIG. 16, first, the control unit 50 determines
whether the operation of the plurality of compressors is
needed (500).

If determined as a result of the operation 500 that the
operation of the plurality of compressors is needed, the
control unit 50 determines whether an operation history is
present after the input of power is made (502). The above is
provided to avoid an issue of reliability that may be gener-
ated in a case that an initial starting of the compressors is
performed when an initial installation of the system is made
or when the input of power is not made for a long period of
time.

If determined as a result of the operation mode 502 that
the operation history is present after the input of power is
made, it is determined whether the operation stop duration
after the operation of the system is below a reference time
(504). The above is provided to avoid an issue related to the
increase of an initial starting load or the starting reliability
that may be generated in a case when the driving is stopped
for a long period of time after the operation of the system.
At this time, the reference time for the operation stop
duration may be 12 hours or below.

If determined as a result of operation 504 that the opera-
tion stop duration is below the reference time, the control
unit 50 detects the pressure at the low pressure side through
the low pressure detection unit 19 (506).

Then, the control unit 50 determines whether the detected
pressure at the low pressure side is within the first reference
temperature range (508).

If determined as a result of the operation mode 508 that
the detected indoor temperature is within the first reference
temperature range, the control unit 50 detects the pressure at
the high pressure side through the high pressure detection
unit 20 (510).

Then, the control unit 50 determines whether the detected
pressure at the high pressure side is within the second
reference temperature range (512).

If determined as a result of the operation mode 512 that
the detected pressure at the high pressure side is within the
second reference temperature range, the control unit 50
determines that the starting load of the air conditioner is
smaller than the reference load, and simultaneously starts the
plurality of compressors (514).

Meanwhile, if determined as a result of the operation
mode 502 that the operation history is not present after the
input of power, if determined as a result of the operation
mode 504 that the operation stop duration is above the
reference time, if determined as a result of the operation
mode 508 that the pressure at the low pressure side is
diverged from the first reference pressure range, or if deter-
mined as a result of the operation mode 512 that the pressure
at the high pressure side is diverged from the second
reference pressure range, the control unit 50 determines that
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the starting load of the air conditioner is larger than the
reference load, and sequentially starts the plurality of com-
pressors (516). At this time, a certain one of the compressors
is started first, and the next compressor is started in a state
that the operating capacity of the first-started first compres-
sor is lowered with respect to the reference capacity.

Meanwhile, if determined as a result of the operation
mode 500 that the driving of the plurality of compressors is
not needed, a certain one of the plurality of compressors is
exclusively started (518).

Although a few embodiments of the present disclosure
have been shown and described, it would be appreciated by
those skilled in the art that changes may be made in these
embodiments without departing from the principles and
spirit of the disclosure, the scope of which is defined in the
claims and their equivalents.

What is claimed is:

1. An air conditioner, comprising:

a plurality of compressors;

an indoor temperature detection unit configured to detect
an indoor temperature of the air conditioner and an
outdoor temperature detection unit configured to detect
an outdoor temperature of the air conditioner;

a determining unit configured to determine whether a
starting load of the air conditioner is smaller than a
reference load, the determining unit being configured to
determine that the starting load of the air conditioner is
smaller than the reference load if the indoor tempera-
ture detected through the indoor temperature detection
unit is within a first reference temperature range and if
the outdoor temperature detected through the outdoor
temperature detection unit is within a second reference
temperature range, and the determining unit being
configured to determine that the starting load of the air
conditioner is smaller than the reference load if an
operation history is present after an input of power and
an operation stop duration is below a reference time
and to determine that the starting load of the air
conditioner is larger than the reference load if the
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operation history is not present after the input of power
or the operation stop duration is above the reference
time; and

a control unit, in a case when operating the plurality of
compressors is needed, configured to simultaneously
start the plurality of compressors if the starting load of
the air conditioner is smaller than the reference load as
a result of the determination of the determining unit,
and configured to sequentially start the plurality of
compressors if the starting load of the air conditioner is
larger than the reference load.

2. The air conditioner of claim 1, wherein:

the first reference temperature range is between 15° C.
and 35° C. in a case of a cooling operation, and is
between 10° C. and 27° C. in a case of a heating
operation, and,

the second reference temperature range is between 15° C.
and 45° C. in a case of a cooling operation, and is
between -15° C. and 15° C. in a case of a heating
operation.

3. The air conditioner of claim 2, wherein:

the first reference temperature range is between 20° C.
and 30° C. in a case of a cooling operation, and is
between 15° C. and 25° C. in a case of a heating
operation, and,

the second reference temperature range is between 20° C.
and 43° C. in a case of a cooling operation, and is
between -5° C. and 10° C. in a case of a heating
operation.

4. The air conditioner of claim 1, wherein:

the determining unit is configured to determine that the
starting load of the air conditioner is larger than the
reference load if the indoor temperature detected
through the indoor temperature detection unit is
diverged from the first reference temperature range and
if the outdoor temperature detected through the outdoor
temperature detection unit is diverged from the second
reference temperature range.
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